The "colony grouping method," a simple method to group many heterotrophic bacterial
Introduction
The heterotrophic bacterial community in natural water is made up of many species having their own specific metabolic characteristics in various substrates.
In order to gain a deeper insight into the mechanisms of the cycle of the organic matter in aquatic environments, therefore, the structure of the heterotrophic bacterial community must be revealed in relation to the metabolic characteristics of community members.
There have been several trials to describe the community structure of the heterotrophic bacteria in the aquatic environments by viable countings of bacterial number followed by their isolation and grouping.
One of the representative methods is based on taxonomic identification of the isolates, generally at the generic level (SHEWAN et al., 1960; ISHIDA and KALXn A, 1974; SINIIoU et at., 1977 SINIIoU et at., , 1980 SINIIoU et at., , 1982 KONnA and TEZt~KA, 1979; KOLESHxo et at., 1982) . Another way to sort bacterial isolates from natural waters is numerical taxonomy (LIUHTHAR'I, 1975; KANEKO et at., 1977; MALLORY et at., 1977; WITZEL et at., 1982 a, b; MALLORY and SAYLOR,1983) .
In these methods, the procedures are generally time -consuming and laborious because of the many isolates and miscellaneous tests to be conducted. The water samples for this study were taken from Lake Suwa. This lake, located in the center of Japan, has a maximum depth of 6.5 m and a surface area of 1380 ha. It is a typical shallow eutrophic lake with a heavy bloom of Microcystis spp, every summer (SAKAMOTO et al., 1975 For the grouping tests, each isolate was preincubated in 1/5 PYG liquid medium. However, in this preincubation, 27 isolates failed to grow. These ungrown isolates were designated as "NL-strain."
The other 323 isolates grown in the 1/5 PYG liquid medium were streaked on the agar slopes of the medium B, G and M for further grouping tests.
Twenty-eight isolates which did not form colonies on more than two kinds of the groping media were designated as "NG-strain." Finally, 295 isolates forming colonies on two or three kinds of the media were classified into 122 groups, by comparing their visible colony features (Table 3 ).
The community structure of the heterotrophic bacteria in Lake Suwa is given in Table 4 in terms of the colony group as described above. Out of 122 groups, 84 consisted of a single isolate, and were designated as a "single strain group" (SG). The other 38 groups were made up of two or more isolates. Letters indicating the group (W-, Y-, P-and 0-) represent that isolates constituting the group form white, yellow, pink and orange colonies, re- Table   2 . Plate counts of heterotrophic bacteria and direct counts of total bacteria in Lake Suwa.
* mean value of counts on two -five plates (CFU : colony forming unit) .
Ratio of colonies with different color were also presented for each samples. ** mean value (and standard deviation) of counts on 20 microscope fields . (SHEWAN et al., 1960; KONDA and TEZUKA, 1979; OLIVER, 1982) . As shown in 
Discussion
The present study showed that the colony grouping was a significant method to describe the community structure of the heterotrophic bacteria in Lake Suwa.
As shown in Table 6 , many generic groups contained two or more colony groups, but one colony group did not spread over two or more generic groups. This fact indicates that the community structure could be described in more detail by the colony grouping method than by generic level identification. Figure 1 shows the compositions of colony groups for four large generic groups for each sampling time.
In Pseudomonas (NA) which increased in the number of strains from May to July, three colony groups (W -3 , W-5 and W-6) were common for May and June, and no dominant colony groups were found in these months. However, W-5 found through three months was predominating (29 strains of 38) in July. Thus, even in a generic group, the composition of colony groups changes on a monthly basis.
The heterotrophic bacterial floras in Lake Suwa in terms of the colony group (Table 3 and 4) in May and June were of high diversity, while in July, August and September, they were simple by the predominance of one large group. This change in diversity of the group composition seems to be related to that of the phytoplankton flora. In Lake Suwa, a number of algal species (diatoms and green algae) are observed in spring, and a remarkable predominance of Microcystis spp. is found in summer to autumn (SAKAMOTO et at., 1975) . In 1981, a high density of Microcystis cells was maintained, with two maxima of biomass, from 20 July to 20 November (Dr. K. AOYAMA, personal communication). These findings suggest that the changes of bacterial flora might be caused by those of phytoplankton population. The fact that the predominant bacterial groups were different even during the period of the cyanophyta bloom might be related to the production activities of the algal population.
Although "genera" in bacteria is regarded as a transient and often heterogeneous group (CoWAN 1955; KRIEG and BOLT 1984) , a few studies have been made on homogeneity of a genera for isolates from the natural bacterial community. The present study showed that the bacterial community was able to be analysed in more detail by the colony grouping method than by the generic grouping. Moreover, the change of flora in terms of the colony group was well correlated with that of phytoplankton.
Therefore, the colony grouping method seems to be a more appropriate method for describing bacterial flora in natural waters.
A preliminary examination, which was undertaken from the physio-ecological viewpoint to examine the homogeneity of the strains belonging to one colony group, also supported our conclusion.
Representative strains from several colony groups were cultured in medium with addition of a hot water extract of Microcystis cells collected in Lake Suwa. The strains belonging to one colony group showed the same growth characteristics.
The colony grouping test apparently reduces the laboriousness and time in the study of the structure of the heterotrophic bacterial community. 
